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SUMMARY 

af i i0 tH ! £ °5? ? f pceasure and loa<> distributions for a related group 

2«e ielictL C ° nfi9Urations ara Presented. The configuratilne 

were relati^i^!^ !J e no8e ~ c °" e and interstage transition-flare components 
Tests eitei^oSr! £ h"® a J other and subject to mutual interference effects. 
f!STn?Sf^S f?!o Ma f h number range from 0.40 to 1.20 at angles of attack 

were of ofY^,*??^**"'’ 1 '* m "" b * t8 ' ***** on « l “ 


INTRODUCTION 

insider able experimental effort has been directed to the 
aerodynamic force, moment, and loading characteristics for 

iarScIired ir^?^ 0nS * i Se ! ref3 ‘ 1 to 10 ‘> Thi8 experimental effort 
d i i par ^f because of the lack of suitable theoretical methods which 
could be used to predict vehicle aerodynamic characteristics with the required 
accuracy, particularly in the transonic speed range. Also, the available 
6XP ^f / eSUltS were aPP lied in the development of empirical Methods which 
tioif USed mak f r ®iatively rapid estimates of aerodynamic load distribu- 
so ® a launch vehicle configurations. (See ref. 3, for example.) The 

cr^^SifJS 010 !? WeC K 1 f mited ln their application, however, to cone-cylinders 
°f. ° bi 2“ aving no local flow separation. More recently, analyti- 

? aVe become available. (See ref. 11, for example.) The analytical 
pp aches, however, are generally restricted to cases for attached flows. 

_ . A f P®^ ?* the experimental effort noted earlier, investigations have been 
conducted in the Langley 8-Foot Transonic Pressure Tunnel and the Langley Uni- 
tMy Plm wind Tunnel in order to determine the effect, en force? ^ 

loading characteristics of systematic variations in the geometry for simulated 

aS n suS h trinsition S fiA S * mOT £ er ° f °° nf igurations for which the nose-cone 
Ud w 8 *f 9e tr ans 1 tion- flare components were separated by a cylinder of relativelv 
high fineness ratio are available in references 5 to 9. ^ 

The investigation was conducted in the Langley 8-Foot Transonic Pressure 

srsi ?? d :r cmln : the effect ’ <* ».n.t?^ 

n ^ ° * "T o£ conEi 9 ur *tlona for which the nc-oon. 
®” d ® t ge transition-flare components were located relatively close to one 
another and were, therefore, subject to mutual interference effects which, in 
many cases, caused flow separation to occur. The tests extended over a Mach 
ran ?I fr0m . °* 40 to 1,20 and an 9 les of attack from 0° to about 10°. 

0 98 S ^ 8ed °" the main 8tage diameter, were of the order of 

.98 10 » Transonic force and moment results for a number of identical con- 
figurations are given in reference 10. laencicai con 



SYMBOLS 


Values are given in both SI and U.S. Customary Units. Measurements for 
this investigation were taken in U.S. Customary Units. Details concerning the 
use of SI Units, together with physical constants and conversion factors, are 
given in reference 12. 


-n 


body section normal-force coefficient, ~ Cp >u ) d^-j 


pressure coefficient. 


Po ~ P 


D 

D ref 

l 

M 

P 

*1 

q 

‘JM-l . 20 
R 

r 

x 


local diameter, cm (in.) 

main-stage diameter, 7.87 cm (3.10 in.) 

model reference length, 127 cm (50 in.) 

Mach number 

free-stream static pressure. Pa (lb/ft 2 ) 
local static pressure. Pa (lb/ft 2 ) 
free-stream dynamic pressure. Pa (lb/ft 2 ) 
free-stream dynamic pressure at M = 1 .20, Pa (lb/ft 2 ) 

Reynolds number based on main-stage diameter 
local body radius, cm (in.) 

longitudinal distance, measured from reference station 0 ahead of 
body, cm (in.) 


y lateral distance, measured from body center line, cm (in.) 

a true angle of attack, deg 

Onom nominal angle of attack of model center line (does not include 

corrections for deflection of model and support system due 
to load) , deg 

6 P transition-flare half-angle, deg 

<$N nose-cone half-angle, deg 



orifice row meridian angle, measured clockwise from the vertical 
as viewed from front, deg 


Subscripts! 


lower 


upper 


APPARATUS AND TESTS 


Tunnel 


The investigation was conducted in the Langley 8 —Foot Transonic Pressure 
Tunnel* This facility is a single— return, rectangular, slotted*" throat tunnel 
with controls that allow for the independent variation of Mach number, density, 
temperature, and humidity. The tunnel is designed to obtain aerodynamic data 
for speeds up to and through the speed of sound while minimizing the usual 
effects of blockage. 


Model 

The model used for the investigation was the variable-geometry model 
described in reference 5. For this investigation, the upper-stage cylinder 
fineness ratio was held constant at 1.42 for most configurations, and nose 
cones having half-angles from 15.3° to 30.0° were each tested in combination 
with interstage transition flares having half-angles from 5.0° to 30.0°. In 
addition, for one set of nose-cone and transition- flare components, the upper- 
stage fineness ratio was varied from 1.42 to 0. To aid the reader, model con- 
figurations are designated by a three-digit number according to the following 
arrangement: 

First digit - nose-cone half-angle: 

1 15.3° 

2 22.5° 

3 30.0° 

Second digit - upper-stage fineness ratio: 


Third digit - stage transition-flare half-angles, 



1 5.0° 

2 10 . 1 ° 

3 15.0° 

4 30.0° 

upper-staged inenew "r a t io^f °K 42 1 Jnd a st 111 °?* h f 1 f , ‘ angle of 30 -°°> an 
04 5 -«°- haU - an9l ‘ 

ehich^were al J” 9 tour lo "Sltudln.l row. 

as viewed from the front) of ocfio® 8 ioo^an^ano 00 ''^? 6 fro,,, the vertical 
Which ate indicated nondim^WWin tiie °^ fice locatio "* 4 

to model station 0 which was located 127 cm ° f resu lts, are referenced 

(See fig. i (b ).) located 127 cm (50 in.) forward of the model base. 


Tests and Procedure 

The investigation was conducted at a afann.u 
approximately 101.5 kPa (2120 lb/fj) il/Sw PJ««*ure maintained at 
angle of attack of 0 ° throuoh a m s „k k 1 confi 9 ura tions were tested at an 
were also obtained over a^a 9 ngL-of- a t^k^aT 9 % fr ^ °^° t0 1 * 20 ‘ Res “^s 
bers of 0.60, 0.80, 1.00? aS 1 "If t0 10 ° at "«* "«*- 

pressures are given in figure 2 . * . 96 test Re ynolds numbers and dynamic 

juncture of the nose°conf an^upp^fst^e * ^ anaitio J 1 ® tri P located at the 

( 0.1 in.) wide and was composed S vl l °? 8trip was °* 254 «■ 

adhesive. P No * 80 carborundum grains set in a plastic 

feren^a^pressurftransducerfwere^tilized 6 ll?* ^ ^ **■ 

or moment measurements Vrl LVdt^thS ZSSJi l~ *° **« 

Boundary Interference Effects 

bindery “^‘"erencftn'thfs^^ the .Meet, o£ aubsonlo 

More recently, however .b^ry-w^l Inlrtlr "“I! °° n3l<leted "^Uglbl.. 
at Mach numbers close to 1.00. ^ee rlf ^ J ™ 6 «« 8 have ^eri identified 

at a Mach number of i.oo, however ^nthl hfl ff! effects approach a maximum 
they are confined to the^re^d^rpeJce^ of r6ference 13 ' 

investigation, therefore, the variati^nl i V* b dieS tested * For this 
interest are judged to be valid at a Mach ^0^00^ A^r^^ds, 



the experimental results are generally affected by boundary-reflected distur- 
bances which occur at Mach numbers from slightly over 1.00 to those at which 
disturbances are reflected downstream of the model base. For this investiga- 
tion# the model lengths were such that no reflected disturbances affected the 
results at a Mach number of 1.20. schlleren photographs# however# and an exami- 
nation of the results indicate that a disturbance originating at the tunnel wall 
has a slight but noticeable effect on the pressure distributions at a Mach num- 
ber of 1.20 at model stations between about x/\ » 0.82 and x/\ ■ 0.86. 

Because this effect is slight and occurs well to the rear of the model compo- 
nents which were varied# it is judged to be negligible in configuration 
comparisons. 


CORRECTIONS AND ACCURACY 

Angles of attack presented in this paper should be oonsidered as nominal 
angles for this reason: although corrections have been made for tunnel airflow 

angularity# none have been applied for deflections of the model and support sys- 
tem under load. Estimates of the true angles of attack can be made# however# 
based upon the static loadings of reference 7 and the force and moment charac- 
teristics for the present configurations given in reference 10. The true angle 
of attack may be determined (to within ±0.1°) from the empirical expression 


a * a nom 


1 + 0.015 


— ) 

‘SM-1.20 1/ 


where the values of dynamic pressure are obtained from figure 2. 

A consideration of factors affecting the results of this investigation 
has indicated that pressure coefficients are generally accurate within ±0.01. 
However# in model regions of extremely varying pressures (for example# in the 
region of the juncture of the nose cone and upper stage or for conditions in 
which pressures are noticeably sensitive to small Mach number changes# such 
accuracies may not be expected. (See fig. 3.) Local deviations from the 
quoted free-stream Mach numbers did not exceed ±0.015. 


DISOISSION OF RESULTS 

Results of this investigation are presented as pressure coefficients 
(tables 2 to 15) and section normal- force coefficients (tables 16 to 26). 
Since the orifice rows extended only 90° radially about the model, section 
normal-force coefficients were obtained by combining pressure distribution 
results at identical positive and negative angles of attack. Representative 
data from the tables have been selected for graphical presentation (figs. 4 
to 10) and are plotted to show the general effects of configuration variables 
on the pressure coefficients and on the section normal-force coefficients 
(multiplied by a diameter ratio to give load distributions) . 
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Pressure Distributions 


EHlrFH r 2ri^su?e^e f iJcle^t^aki Sual^stre^'of 

as nose-cone f® C ° n ® !" d upper 8tage at Mach numbers of 0.80 and 0.90 

as nose-oone angle is increased. As noted in reference 5. the broadening 

these peaks is associated with increases in separation as the nose-cone Laia 
and associated adverse pressure gradient are increased. 9 


to AtA\\ th ^h Sta ff tMnsition-flare angle is increased to 30.0° (figs. 4(b) 

( )) * the effects are greatly amplified because of the increased adverse 
pressure gradients resulting from the flare-angle increase. In the extrAm* 

r* Se * ® 8ign ^ ficant re 9 ion of separated flow is evident for configuration 324 

iunV'ur.. ■ 1 4 “, ^“o„i. 0 a L 0 o^ u “^";:::^ s ^:roT^r 

rrr * sr^s tz'jxL&SL Fsf -• 

separation downstream of the juncture of the nose cone and up^r stage apLaf 
to have the least amount of separation downstream of the juncture of the HaL 
transition flare and the main stage. (See fig. 4(d) where M » o no fnr A 9 
Pie.) This characteristic results from the fact that 6 ? am ~ 

f^n e^ect W cf Y the^tr ans it ion- flare e «OT^es^6h”and^overej^nIi3^ts*Hli^ # 

Tf s-srar :riS£“ 


from ° f attack -~ The ofr ec ts of a variation in angle of attack 

°® ® t ®. 6 on the Pressure coefficients in the top row (<b • o°) are nre 

sented in figures 5 to 8. For a transition-flare angle 5°, pressure dJstri 
butions at angles of attack from -6° to 6° are very similar to Util it S 1*“ 

to°8fin tle A Va Jh afc i° n l V ° haract ' iristi cs as Mach number is varied (figsAfa)* 

.. 8 wi u S f ran ®nion-flare angle is increased to 10.1°. however a 
noticeable broadening of the pressure-coefficient peak for the nose cone and 

25?! !5 a3 !, 00 ° u f s -, Thls broadening, indicative of separation, apL^saathe 
angle of attack is increased to 3° and 6® (figs. 7(b) and 8(b)). ?? th 

Generally, increases in stage transition-flare angle to 15 oo and in no 
result in an earlier onset of the noted separation effe«s“ith reoart to'SL 

Sf' ?! !“ a f and Mach number • For th. higher flare ^gles a^rltlon T 
“i? beco "« a PPorent at the higher Mach nunbere. See figs:”.!? 

and 8(c), for example, at Mach numbers of 1.00 and 1.20.) 9 1 ’ 






6 


Loading Distributions 


tot angles ^f'attack'of^o^nd $ %?£ZLZ2 U l ««* *>* distributions 
cant degree of separation (see f Whi ? h e W 1 «w» a aignifi- 

itr* “ 9 - io<d ”' * po«trsM“n:‘^t^ s ^r ,c 


ouwiraix UJP KeoUIiTS 


and section* nonul-foroeToMf f icients* l »J*SS* 4 »“ pt, “ llt * “•** icients 
effects of .?LiT «*»• transition-flare angles, 

1. increased, significant regt^ oZ fi^ ^.t? t ransition-tier. angle 
separation effect. 5 SbTS 2S\£E ~~ 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton , VA 23665 
February 4, 1980 
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TABLE 1 MODEL CONFIGURATIONS 


Configuration 

Nose-cone 
half-angle, deg 

Upper-stage 
fineness ratio 

Transition-flare 
half-angle, deg 

121 

15 

.3 

1 

.42 

5 

.0 

221 

22 

.5 





321 

30. 

.0 





122 

15. 

.3 



■ 

.1 

222 

22. 

.5 





322 

30. 

.0 





123 

15, 

,3 



15. 

.0 

223 

22, 

,5 





323 

30, 

0 





124 

15. 

,3 



30.0 

324 

30. 

0 



30.0 

133 

15. 

3 

« 

96 

15. 

0 

143 



« 

50 



153 



0 
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given in centimeters (inches) 



Configuration 



(b) Configurations 121, 221, and 321 



Configuration 



(c! Configurations 122, 222, and 322 



Configuration 



(d) Configurations 123, 223, and 323 
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(c) 6 f - 15°. 

Figure 4.- Continued. 
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(a) 6p « 5°. 

Figure 5.- Effects of variation in nose-cone angle for <t> » 0° and a 
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(a) Concluded. 
Figure 5.- Continued 
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(c) <S P = 15°. 
Figure 5.- Continued. 
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(a) <$ p « 5°. 

variation in nose-cone angle for <> * 0° and a 
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(a) Concluded. 
Figure 7.- Continued 
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(d) 5p » 30°. 
Figure 7.- Continued. 
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(c) Concluded. 
Figure 8.- Continued 
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Figure 10 .- Continued. 



Figure 10.- Concluded 





